To understand the difference between celiac disease, gluten intolerance, and wheat sensitivity To gain knowledge on diagnosis and management for varying levels of gluten intolerance To gain knowledge on special issues when following a glutenfree diet, especially for active individuals
WHAT IS GLUTEN?
Gluten is a protein that is found in wheat and other grains, such as barley, kamut, and spelt. Gluten has an elastic and gluelike capacity that makes grain products chewy. Commonly consumed gluten-containing products include pasta, bread, pastries, croutons, and cereals. Gluten is a hidden ingredient in many food products on the market: soy sauce, pie fillings, foods that contain ''hydrolyzed protein,'' some canned foods, deli meats, beer, foods with sugar alcohols, sauces, and fast food. Gluten also may be found in preservatives, breading, and thickening agents.
CELIAC DISEASE
For some people, eating GF is a choice. But for a growing number of people, eating GF is necessary. People for whom a GF diet is beneficial and even life-saving are those with celiac disease (CD), gluten intolerance (GI), and wheat allergy (WA). Although these types of sensitivities to gluten are different in their origins, they are treated the same way: a GF diet.
CD is not a food allergy. It is an autoimmune disorder in which the small intestine is hypersensitive to gluten. The digestive tract contains tiny hairlike projections called villi, where food is absorbed. These villi are destroyed in people with unmanaged CD. When the villi are not functioning properly, nutrient deficiencies will result because carbohydrates, fats, proteins, vitamins, and minerals, and even water in some instances, cannot be absorbed. In the athlete, the malabsorption also leads to decreased exercise performance (5, 8) .
Some symptoms of CD include diarrhea or constipation (or a combination of both), intestinal cramping, gas, pale fatty runny stools (steatorrhea), anemia, weight gain, or unexplained weight loss with an increased appetite. Weight gain has been a puzzling yet new observation. Once labeled a malabsorption syndrome, the hallmark of CD has been wasting. Today, many people with CD are normal weight or overweight.
CD affects not only the gut but also many other parts of the body and organs. The primary symptoms are listed in Table 1 . Some people do not exhibit any symptoms until CD has become severe. Individuals often have CD for more than a decade before a diagnosis is made. True CD is a life-threatening condition and has been associated with many other disorders, such as leaky gut syndrome, hypothyroidism, type I diabetes, and other autoimmune diseases.
Once considered a rare disease, the prevalence of CD has increased dramatically during the last 100 years. Today, it is thought to affect 1% of the population (2) . This disease is underdiagnosed, and this estimate is thought to be grossly underestimated. Because this disease is genetically based, first-degree relatives will have an increased risk of also being diagnosed with CD, as high as 1 in 22 (2) . Diagnosis is based on a blood test. However, false-negatives are an issue. A combination of blood tests (i.e., testing for antibodies and tissue damage), genetic markers, and history is ideal. A tissue biopsy of the small intestine is the ultimate standard for CD diagnosis. Because the only treatment available for CD is a strict GF diet, a person may want to try a GF diet even if his or her test is negative. People who test negative at first may test positive years later. When undergoing testing, individuals who have been following a GF diet will yield negative results on blood tests and biopsies because the body will have had a chance to heal. For accurate testing for CD, the patient needs to eat gluten for several weeks before the test.
GLUTEN INTOLERANCE
GI is very similar to CD. People with GI suffer similarly to people with CD but do not test positive for CD. Unlike CD, where the person can have no gluten in his or her diet from any source, people with GI exhibit a range of gluten sensitivity. Some may be able to eat small amounts of gluten until they reach a threshold, whereas others cannot tolerate any gluten. About 5% to 10% of the population may have some degree of GI, but higher estimates have also been reported (3). The reason for this dramatic rise (in both GI and CD) is unknown. Marion Nestle, author of Food Politics, claims that the higher prevalence is caused by more awareness of the disorder (hence, better diagnosis) (7) .
Unfortunately, blood tests cannot be routinely used to diagnose GI. Individuals with GI may exhibit more than 100 documented symptoms associated with GI, and people do not react similarly. Some commonly seen symptoms that improve with a GF diet are included in Table 1 . Gluten ataxia, one of the symptoms, is a relatively new concept that involves neurological dysfunction that exhibits itself as reduced coordination and muscle control (3) . If an athlete has gluten ataxia, serious implications for sports performance may result.
GI often can be subtle and will worsen with continued gluten consumption over time. Continued consumption of gluten with true gluten sensitivity will contribute to further deterioration of the body and lead to a multitude of degenerative symptoms (i.e., osteoporosis). Because gluten sensitivity is an autoimmune response, continued consumption of gluten can manifest other autoimmune disorders.
The best way for people to determine if they are GI is to be evaluated and diagnosed by a gastrointestinal specialist and work with a registered dietitian on following an elimination diet. On this diet, a person completely eliminates all gluten and gluten-rich foods for several weeks and then slowly adds these foods back into the diet. Record keeping is essential to determine symptoms before and after the diet. Because this diet is quite difficult to follow, consultation with a registered dietitian is critical. The diagnosis of GI is still evolving and may also include testing for steatorrhea.
WHEAT ALLERGY
WA differs from GI and CD. People who have a WA have a systemic response to wheat similarly to how people with nut allergies may react. Symptoms of WAs are similar to symptoms of other allergies, namely, hives, swelling, and possibly stomach pain.
CONCERNS FOR THE ATHLETE, FITNESS PROFESSIONAL, AND ACTIVE INDIVIDUAL
Individuals who train strenuously and competitively need to plan their nutrition carefully for optimized athletic performance and decreased gastrointestinal symptoms. Quickly absorbing carbohydrates before, during, and after training are backed by years of scientific research to improve such performance (4) . Many athletes are turning to the GF diet to reduce gastrointestinal symptoms. Anecdotal claims suggest that the GF diet also will reduce inflammation and improve performance. Unfortunately, these claims are testimonial based with limited research to support them. Athletes who improve performance with a GF diet may have undiagnosed CD or GI. They may improve their nutrient intake by switching to a GF diet, or they may lose weight, and thus feel and perform better. Therefore, a GF diet would naturally improve performance. More research is needed to prove or disprove this theory for people without CD or GI.
Although a low body mass index is considered to be a hallmark of CD, obesity in CD patients is higher than was suspected. For example, one study found that almost one half of CD patients are overweight at the time of diagnosis (9) . Some preliminary research suggests that overweight people with CD lose weight when placed on a GF diet (1) . Overcompensation for intestinal malabsorption is one explanation for this phenomenon. When the intestinal tract is damaged, nutrients cannot be absorbed, resulting in micronutrient deficiencies, which may drive food cravings (6) .
The issues that arise from consuming a GF diet, however, also need to be addressed. GF diets are significantly more expensive than non-GF diets. Developing a healthy GF pantry can be quite challenging. Many GF products are energy dense but not necessarily nutrient dense. For example, in a regular box of crackers, the primary ingredient used is white flour. In GF crackers, the flours may include potato starch, rice flour, or other GF flours. These flours are processed and are more energy than nutrient dense. These products might be a good option during training, when rapidly absorbing carbohydrates are necessary. During the off season, these foods can become a source of excess energy. The type(s) of GF flour will determine the amount of fiber in the product. Athletes should check labels and focus on lower fiber options before, during, and after exercise training.
GF diets do not mean carbohydrate-free diets, a concept commonly confused. Whether an athlete is on a GF diet by choice or necessity, the proper amount of carbohydrates is needed to fuel training and competition. Many GF products available on the market consist of rapidly absorbed carbohydrates. Pastas and breads, typically recommended for intense training, contain high amounts of gluten. However, pasta and breads made from GF courses (i.e., rice, corn, quinoa) are available.
Many GF products are not enriched with vitamins and minerals as are conventional products. People on GF diets may be at risk for micronutrient deficiencies, although GF flours are naturally nutrient dense. Athletes may find it difficult to adhere to a strict GF diet, filled with wholesome GF grains, fruits, and vegetables, especially when traveling. In addition, these foods are high in fiber that may pose additional gastrointestinal issues during training. Athletes and active individuals need more assistance when planning a GF diet at home or on the road to prevent nutrient deficiencies. Supplementation may need to be a consideration.
DINING OUT GLUTEN-FREE
Athletes and active individuals may travel a great deal for competition or work. These individuals should be familiar with foods allowed on a GF diet. Table 2 summarizes foods to avoid, foods to carefully consider, and foods to consume when following a GF diet. Fortunately, many restaurants provide GF options. Extreme care should be noted because these menu items may not always be GF. Athletes and active individuals should be aware of hidden sources of gluten (i.e., soy sauce). Finally, in a restaurant, cross contamination is always a concern. The following points should be considered when dining:
If the menu contains many breaded or fried foods, cross contamination may result. The cooks may not realize that cooking GF foods on equipment with gluten-rich foods will contaminate the food. For example, GF foods cooked in the same oven or grill station where gluten-rich foods were cooked could become contaminated. For example, is the chicken prepared on the same grill where the hamburger bun is toasted?
Customers should call the restaurant and ask about the knowledge of the chef and kitchen staff with GF. Customers should be provided with a detailed answer about how the kitchen is prepared for GF recipes rather than general statements. If a consumer calls the restaurant and is not reassured with specifics about how GF menus are prepared, he or she should choose an alternative dining establishment.
Choosing a restaurant that obtains foods from sustainable sources such as local/organic farms can help a customer feel safer when ordering GF foods. Conventional meat and farmed fish may have been fed grain (and gluten)-filled food, which may be problematic for some individuals. The Gluten-Free Restaurant Awareness Program is a network that provides a resource of restaurants that serve GF menus following consistent guidelines (http://glutenfreerestaurants.org/). These tips, for a person with a true allergy, GI, or CD, may prevent extreme discomfort or a trip to the hospital. Table 2 lists the foods that are GF (as well as those that are gluten-rich or have hidden gluten). Even when products should technically be GF, contamination with gluten may still be present (9) . Individuals should choose simple wholesome foods or products with the ''gluten-free'' label. Checking ingredients, even of known products, may ensure that the product is truly GF. Because companies frequently change their formulations, something that was GF one year may not be GF the next.
THE GF PANTRY
Oats are one product that may or may not be safe for individuals following a GF diet. Oats should not contain any gluten but are typically manufactured in plants where cross contamination occurs. If oatmeal is commonly purchased, individuals should look for a label that specifically states that the product was processed without cross contamination. The label should say ''gluten-free'' as opposed to ''wheat-free.'' Although this should be a safer alternative to people with GI, people with diagnosed CD still need to be careful. Because oats contain a protein that is similar in structure to gluten, some people with CD can still react to oats, even if they are certified GF.
Spelt is an ancient grain that also contains gluten. However, spelt contains less gluten than other gluten-rich products and is nutritionally superior (more protein, fiber, and other nutrients) than wheat. Although a person with CD and WAs should not consume spelt, some people with lesser degrees of GI can safely experiment with this highly nutritious grain.
Finally, to avoid cross contamination at home, a designated GF toaster is advised. When baking, GF foods should be baked before gluten-filled foods and then the oven should be cleaned. Everyday household chores also need to be carefully reviewed. For example, many dishwashing gloves are coated with wheatbased flour. The glue in stamps and envelopes also may contain gluten, as do many cosmetics, art supplies, sunscreens, lotions, soaps, detergents, medicines, and supplements. For a complete safe list, go to www.celiac.com.
Health and fitness professionals may encounter clients who inquire about GF diets, their health effects, and whether eating GF may be a good choice for them. Many individuals experience GI symptoms but are not diagnosed with GI or CD. If symptomatic, the best referral a health and fitness professional may give to the client is to a medical professional to confirm a possible issue. However, the client may remain undiagnosed because of limitations of the tests. If the client is symptomatic but not diagnosed or is nonsymptomatic but is interested in trying a GF diet, it is important to inform them about the fact that GF diets also may be low in carbohydrate and can affect performance and recovery. In addition, GF diets may be low in micronutrients, resulting in deficiency. The best guidance for a serious exerciser with or without GI symptoms and interested in trying a GF diet would be provided by a nutrition professional (http://www.eartight.org/programs/rdfinder/). This is especially true if the client wants to learn more about GF grains, starchy vegetables (they are always GF), and other creative ways of integrating GF foods into a wholesome and athletically sound diet. 
CONDENSED VERSION AND BOTTOM LINE
The prevalence of celiac disease (CD) has increased significantly. Concomitantly, the gluten-free (GF) diet has become a popular approach to eating. A strict GF diet for athletes who have CD, wheat allergy, or gluten intolerance will improve health and may enhance performance. Athletes with suspect gastrointestinal symptoms, fatigue, or skin rash should seek evaluation and consult with a sport dietitian. Athletes with gluten restrictions (by choice or need) can train safely, confidently, and productively. However, research has not examined how GF diets may impact the athletic performance of athletes or active individuals who choose GF eating plans.
Gluten-Free Diet: Imprudent Dietary Advice for the General Population?
Glenn A. Gaesser, PhD; Siddhartha S. Angadi, PhD G LUTEN-FREE DIETING HAS GAINED CONSIDERABLE popularity in the general population. [1] [2] [3] Between 2004 and 2011 the market for gluten-free products grew at a compound annual growth rate of 28%, with annual sales expected to reach approximately $2.6 billion in 2012. 2 As of April 20, 2012, Amazon.com listed 4,765 entries for the topic "gluten-free." A Google search at the same time for "gluten-free diet" produced more than 4.2 million results. The number-one reason consumers cite for buying gluten-free products is that they are perceived to be healthier than their gluten-containing counterparts. 3 Endorsements from celebrities have undoubtedly contributed to the increased awareness of possible health benefits of gluten avoidance, including weight loss. 4, 5 Despite the health claims for gluten-free eating, there is no published experimental evidence to support such claims for the general population. In fact, there are data to suggest that gluten itself may provide some health benefits, and that gluten avoidance may not be justified for otherwise healthy individuals. Our primary purpose is to briefly describe this evidence and raise awareness of the potential pitfalls of adopting a gluten-free diet in persons without diagnosed gluten-related disorders.
INDICATIONS FOR A GLUTEN-FREE DIET
Gluten is a protein composite consisting of gliadins and glutenins, and is found in foods processed from wheat and related grains such as barley and rye. There is a spectrum of gluten-related disorders, including celiac disease, gluten sensitivity, and wheat allergy.
1,2 Wheat allergy is an adverse immunologic reaction specific to wheat proteins.
1,2 Prevalence of documented wheat allergy is quite low, estimated at only about 0.1% of individuals in Westernized countries. 1 Because wheat allergy can be treated with wheat avoidance, a wheatfree diet may be more permissive than a strict gluten-free diet. 1 Gluten sensitivity (also referred to as nonceliac gluten intolerance), is characterized by a heightened immunologic reaction to gluten in genetically susceptible people. 6 Clinical diagnosis is generally based on responses to a gluten-free diet. 1 Common symptoms of gluten sensitivity, such as fatigue and headaches, and gastrointestinal distress, including gas, bloating, and diarrhea, frequently improve with the adoption of a gluten-free diet. The inherent subjectivity in diagnosis and resolution of these symptoms likely contributes to the popularity of gluten-free diets.
Celiac disease is a complex autoimmune enteropathy that affects the small bowel after ingestion of gluten-containing grains, including wheat, rye, and barley, in genetically susceptible people. 7 Estimated prevalence of celiac disease is approximately 1%. 8, 9 The disease can manifest itself in a range of clinical presentations, including malabsorption syndrome and a spectrum of symptoms affecting multiple target organs. 10 A strict gluten-free diet is an established remedy for individuals with celiac disease because it has been shown to lower incidence of related diseases, such as gastrointestinal cancers. [7] [8] [9] 11 Lifelong adherence to a strict gluten-free diet, devoid of proteins from wheat, rye, barley, and related cereals, remains the gold standard of treatment in celiac disease. [7] [8] [9] There are some data to suggest that following a gluten-free diet may ameliorate gastrointestinal and/or systemic symptoms in individuals with systemic lupus erythematosus, dermatitis herpetiformis, irritable bowel syndrome, rheumatoid arthritis, type 1 diabetes, thyroiditis, and psoriasis. 12, 13 Gluten-free diets have also been used by patients with autism spectrum disorders (ASD). 2, 14 However, there are no definitive data to support the use of gluten-free diets in ASD, 15 and the American Academy of Pediatrics does not support the use of gluten-free diets as a primary treatment for individuals with ASD. 16 Apart from the demonstrated effectiveness of a gluten-free diet for treating the spectrum of gluten-related disorders and the conditions mentioned above, evidence-based research supporting the merits of a gluten-free diet as a healthier option for the general population is lacking.
GLUTEN-FREE DIET AND WEIGHT LOSS: WHERE IS THE EVIDENCE?
Despite the growing popularity of gluten-free diets and celebrity endorsements of the merits of a gluten-free diet for weight loss, 4, 5 there are no published reports showing that a gluten-free diet produces weight loss in persons without celiac disease or gluten sensitivity. There are a number of studies of patients with celiac disease that reported weight change as an outcome measure following a gluten-free diet.
Strict adherence to a gluten-free diet in celiac disease generally improves body mass index (BMI) status. 17 However, normalization of BMI while following a gluten-free diet is not always observed. In a study of 369 adults with celiac disease who followed a gluten-free diet for an average of 2.8 years, 22 of 81 (27%) initially overweight or obese patients gained weight. 17 In a study of 371 adults with celiac disease who followed a gluten-free diet for 2 years, 55 of 67 (82%) initially overweight patients gained weight. 18 Among 149 children with celiac disease who followed a gluten-free diet for at least 12 months, the percentage of overweight children almost doubled (11% to 21%). 19 These reports indicate that for a significant percentage of overweight or obese patients with celiac disease, body weight may actually increase on a gluten-free diet. This may be due in part to enhanced absorption of nutrients associated with healing of intestinal lining while following a gluten-free diet. Whether weight gain would be observed in persons without celiac disease or gluten sensitivity remains to be established. In this regard it is important to note that gluten-free does not necessarily mean low-energy, and some gluten-free products actually have a greater energy value than corresponding gluten-containing foods. 3 Furthermore, a gluten-free diet may be deficient in whole grains and fiber, 3 both of which have been shown to be inversely associated with BMI.
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WHEAT AND GASTROINTESTINAL HEALTH
Naturally occurring fructan-type resistant starches in wheat, such as oligofructose and inulin, are beneficial for creating a healthy composition of gut bacteria, [21] [22] [23] [24] [25] [26] [27] [28] and these dietmicrobe interactions in the colon may protect the gut from some cancers, inflammatory conditions, and cardiovascular disease. 27, 28 Wheat is the most widely consumed grain in the United States, and contributes approximately 70% to 78% of the oligofructose and inulin in typical North American diets. 29, 30 Wheat-derived nondigestible carbohydrates have been reported to decrease postprandial glycemia and insulinemia, reduce fasting triglycerides, and reduce body weight. 21 Oligofructose has been shown to improve immune status, lipid metabolism, and vitamin and mineral absorption. 25 By removing the major source (wheat) of fructan-type resistant starches in American diets, strict adherence to a gluten-free diet could have adverse consequences.
In fact, recent evidence suggests that a gluten-free diet may lead to reductions in beneficial gut bacteria. 31 Ten healthy subjects followed a gluten-free diet for 1 month by replacing gluten-containing foods with equivalent products certified as gluten-free. 31 The gluten-free diet significantly reduced a number of beneficial bacteria in fecal samples of the subjects, including Bifidobacterium, Lactobacillus, Clostridium lituseburense, and Faecalibacterium prausnitzii, and increased levels of pathogenic Enterobacteriaceae and Escherichia coli.
Immunostimulatory properties of fecal samples were also reduced after 1 month following a gluten-free diet. For example, the gluten-free diet reduced production of the potent neutrophil chemoattractant tumor necrosis-␣. Three-day food diaries (2 weekdays and 1 weekend day) at the beginning and end of the 1-month diet period indicated that total energy and macronutrient intake were not changed, with the exception of a lower polysaccharide intake while following the gluten-free diet. A reduction in polysaccharide intake on a gluten-free diet is not unexpected. 32 Thus, a gluten-free diet produced potentially adverse changes in gut health as a result of reduced intake of naturally occurring fructans in wheat products that have a prebiotic action.
By contrast, increasing whole-grain wheat intake has been reported to increase beneficial gut bacteria. 33 In a doubleblind, randomized, crossover study consisting of two 3-week dietary periods with a 2-week washout in between, 31 healthy women and men added to their diet either 48 g/day 100% whole-grain wheat breakfast cereal or 48 g/day wheatbran cereal. Fecal samples were collected before and after the 3-week dietary period. After 3 weeks following the diet supplemented with 48 g/day 100% whole-grain wheat breakfast cereal, numbers of fecal Bifidobacterium were increased by approximately 10%. Addition of wheat bran to subjects' habitual diets had no effect. Both 100% whole-grain wheat and wheat-bran conditions increased the numbers of lactobacilli in fecal samples, but the 7.4% increase after the 100% wholegrain wheat condition was significantly greater than the 5.0% increase observed after the wheat-bran condition. The results indicate a prebiotic effect of whole-grain wheat breakfast cereal. It has been proposed that one of the mechanisms by which whole-grain foods confer health benefits is via their beneficial effect on gut bacteria. [21] [22] [23] [24] [25] [26] [27] [28] These findings may help explain the well-established inverse relationship between whole-grain food intake and risk of cardiovascular diseases. 25, 26 
GLUTEN AND HEALTH
Gluten itself may actually be beneficial to the diets of individuals with dyslipidemia without celiac disease or gluten sensitivity. In 24 adults with hyperlipdemia, increased consumption of wheat gluten for 2 weeks on a weight-maintenance diet reduced serum triglycerides by 13%. 34 In this randomized crossover study, subjects consumed diets that differed with respect to gluten, wheat fiber, and bran content. The higher gluten content of the diet was achieved by having subjects consume bread that contained 53.1% protein. This increased gluten intake by 60 g/day, which accounted for 10% of total energy. High levels of wheat fiber and bran did not reduce triglyceride levels when gluten levels were the same in each diet. Only under the high-gluten condition, regardless of wheat fiber content, were triglyceride levels reduced. Therefore, it appeared that the reduction in serum triglyceride levels was attributable to the gluten itself rather than the wheat fiber.
In a randomized crossover study of men and women with hyperlipidemia, 35 subjects consumed either a control diet or a diet in which 11% of the carbohydrate in the control diet was replaced with vegetable protein (as wheat gluten) for 1 month. This resulted in a 78 g/day increase in gluten intake. Total energy, dietary fiber, and fat intake were the same during each diet period. Increasing daily gluten intake for 1 month reduced serum triglycerides by 19.2%, uric acid by 12.7%, and creatinine by 2.5%. In addition, low-density lipoprotein oxidation was reduced by 10.6% in the high-gluten diet. The authors concluded that high intake of vegetable protein in the form of added wheat gluten could have beneficial effects on triglyceride levels and oxidized low-density lipoprotein similar to those of monounsaturated fat and soy protein.
In addition to the potential benefits of gluten for improving blood lipid levels, 34, 35 gluten may play a role in blood pressure control. For example, wheat gliadin hydrolysates have been reported to inhibit angiotensin I-converting enzyme (ACE). 36 Thewissen and colleagues 36 extracted gliadin from commercial wheat gluten and demonstrated that several of the resulting peptide fractions from the gliadin hydrolysates exhibited ACE-inhibitory activity. Because ACE converts angiotensin I into angiotensin II (vasoconstrictor) and degrades bradykinin (vasodilator), inhibition of ACE could facilitate reduction in blood pressure. Whole-grain consumption has been shown to reduce blood pressure, 37 with wheat itself having a demonstrated effect. 38 Although the dietary fiber component of whole grains is thought to play a role, 39 it is also possible that gluten, via one of its constituent proteins gliadin, may contribute to the blood-pressure-lowering effect of whole grains. 36 Gluten may also boost the immune system in humans. This may be due in part to the very high glutamine content of gluten (ϳ40% of total amino acids). Glutamine supplementation, for example, has been reported to reduce incidence of infectious complications in patients following surgery. 40 In a small study of nine healthy volunteers, five subjects received 3 g/day wheat gluten hydrolysate for 6 days (41). After 6 days, natural killer cell activity was increased significantly (by approximately 6% to 57%; PϽ0.05) in all five subjects who received the wheat gluten hydrolysate. No change was observed in the four control subjects. 41 There were no reported side effects. An increase in natural killer cell activity could be expected to enhance immune monitoring against tumor development and viral infections. 42 Epidemiologic evidence supports a protective role for whole-grain consumption to reduce cancer risk, 43 with specific effects attributable to wheat.
44,45
CONCLUSIONS
Gluten-free diets are clearly indicated for patients with celiac disease or for persons with gluten sensitivity, and may be beneficial for individuals with other chronic autoimmune disease conditions such as psoriasis, rheumatoid arthritis, and type 1 diabetes. 12, 13 With the substantial growth in the gluten-free products market, 2 a greater number of food choices are now available to individuals for whom gluten avoidance is essential. There are many gluten-free grains available to help consumers obtain the benefits of whole grains and overcome some of the nutritional deficiencies (eg, inadequate intakes of thiamin, riboflavin, niacin, folate, and iron) reported to be associated with gluten-free diets. 9, 46 A gluten-free diet can be a well-balanced diet if care is taken in choosing whole-grain products, including more legumes, and selecting foods with lower energy density. This does not imply that a gluten-free diet, per se, is a healthier diet.
Despite numerous health claims and the exploding popularity of gluten-free products, there are no published data to support a weight loss claim for a gluten-free diet. 3 Results of several studies of patients with celiac disease suggest that a gluten-free diet may actually worsen BMI status in some overweight and obese individuals. Gluten-free baked goods can be high in fat and total energy. 9 Moreover, whole-grain intake is inversely associated with BMI, and wheat is the most widely consumed grain in America. Thus, going gluten-free for purposes of weight loss may have unintended consequences. Randomized-control trials are necessary to establish the effect of a gluten-free diet on weight loss in overweight or obese individuals for whom a gluten-free diet is not medically indicated.
Gluten-rich grains, especially wheat, may have health benefits attributable to naturally occurring fructan-type resistant starches as well as gluten itself. By creating a healthy composition of colon bacteria, whole-grain wheat products may protect the gut from some cancers, inflammatory conditions, and cardiovascular disease. Gluten, and one of its component proteins gliadin, may contribute to blood pressure control and immune function. Because wheat is the main source of gluten in the American diet, 29, 30 these studies may help explain the consistent findings of health benefits of whole-grain consumption. 25, 26, 43, 44 There is no evidence to suggest that following a gluten-free diet has any significant benefits in the general population. Indeed, there is some evidence to suggest that a gluten-free diet may adversely affect gut health in those without celiac disease or gluten sensitivity. 31 Additional research is needed to clarify the health effects of gluten, and potential consequences of avoiding gluten-containing grains.
